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Abstract— Experimental investigation of C.I engine 

performance by using tyre pyrolysis oil is reported in this 

paper.  Therefore in the present investigation the oil taken is 

the tyre pyrolysis oil which was obtained by the pyrolysis of 

the waste automobile tyres. In the initial stage the test were 

conducted on four stroke single cylinder diesel engine by 

using diesel and base line data was generated. Investigation 

carried out by using tyre pyrolysis oil blended with diesel in 

different proportions such as T10, T20 and T30 to find out 

the performance parameters and emissions. This 

experimental result show that optimum value of emission 

and performance achieved at 10% diesel blend and with 20 

and 30 % diesel blend the performance decreases and 

emission increases as compare to 10% diesel blend. 
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I. INTRODUCTION 

Diesel engines are most preferred power plants due to their 

excellent drivability and higher thermal efficiency. Despite 

their advantages they emit high levels of NOx and smoke 

which will have an effect on human health. Hence stringent 

emission norms necessitated a search of alternate fuels for 

diesel engines. 

Every year in United State 280 millions tyres are 

being dumped in the landfills, which become an 

unacceptable solution hence the tyre pyrolysis oil is 

produced which can used in a useful way. Not only in 

United state all over the world there is an increase in waste 

tyres, so scrap tyres are used in the form of pyrolysis tyre oil 

which is used as a blend with diesel oil, which increases the-

efficiency of the engine [4]. In the USA, about 303.2 million 

of waste tires were discarded in year 2007, while about 60 

million of waste tires in Thailand year 2011 [5]. 

Petroleum based fuels are stored fuels in the earth. 

There are limited reserves of these stored fuels and they are 

irreplaceable. These finite resources of petroleum are highly 

concentrated in certain regions of the world have given rise 

to uncertainty in its supply and price and are impacting 

growing economies like India, importing 80% of the total 

demand of crude. So there is rise in demand of alternative 

fuels to diesel. 

The use of Tyre pyrolysis oil as a substitution to 

diesel fuel is an opportunity in minimizing the utilization of 

the natural resources. Several research works have been 

carried out on the pyrolysis of waste automobile tyre. 

Pyrolysis is the process of thermally degrading a substance 

into smaller less complex molecules. Pyrolysis produces 

three principal products: such as pyrolytic oil, gas and char. 

The quality and quantity of these products depend upon the 

reactor temperature and design [6]. The world production of 

waste tyres amounts to 5×106 ton/year, which is 2% of total 

solid waste production for 1 year [1]. 

In the present work pyrolysis oil from waste tyres 

by vacuum pyrolysis is obtained. Though solid carbon black 

and pyrolysis gas are also obtained, the pyrolysis process 

will be much more prominent to produce liquid. 

PRODUCT 
ACTUAL CONSUMPTION 

PROJECTION 

 

2001-

2002 

2004-

2005 

2008 

- 

2009 

2020-

2021 

2030-

2031 

MS 7.0 8.3 11.3 25.4 49.9 

I1SD 36.5 39.7 

_ 
51.7 93.6 153.4 

LPG 7.7 10.2 12.2 26.6 51.1 

SENSITIVE 

PRODUCT 
61.7 67.5 84.4 144.4 226.0 

INDUSTRIAL 

PRODUCTS 
38.7 44.1 49.0 73.3 102.6 

TOTAL 100.4 111.6 133.4 217.0 325.6 

Table 1: Consumption of Petroleum Products. (2001-02 To 

20 30-311.1111/In Tones) [3] 

II. PROPERTIES AND PREPARATION OF TPO 

Automobile tyre is cut into a number of pieces and the bead, 

steel wires and fabrics are removing. Thick rubber at the 

periphery of the tyre is alone made into small chips. The 

tyre chips are washed, dried and fed into a mild steel 

pyrolysis reactor unit. The pyrolysis reactor used is a fully 

insulated cylindrical chamber of inner diameter 300 mm and 

outer diameter 310 mm and height 600 mm. A pressure 

gauge is fitted on the top of the reactor. Vacuum is created 

in the pyrolysis reactor by supplying nitrogen from the inert 

gas cylinder  and then externally heated by means of 7 kW 

heater .A temperature controller is use to control the 

temperature of the reactor. The process is carried out 

between 450 °C and 650 °C in the reactor for 4 h and 30 

min. The products of pyrolysis in the form of vapour are 

sent to a water cooled condenser and the condensed liquid is 

collected as a fuel. Water is continuously circulated through 

the inlet of water condenser and left the condenser through 

the water outlet. Condensed oil is collected in an oil 

collection tank. The oil is drained through the outlet of the 

oil collection tank. Non-condensable gases are collected in a 

gas bag. The schematic diagram of unit the pyrolysis 

process of waste automobile tires is given in Fig. 1 

 
Fig. 1: Pyrolysis Process of Waste Automobile Tires (Flow 

Diagram) [2] 
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The below table shows the property of tyre 

pyrolysis oil compare with diesel 

Property Diesel Tyre Pyrolysis oil 

Density (kg/m
3
) 0.830 0.9239 

Kinematic viscosity 2.58 3.77 

Net calorific value(MJ/kg) 43.8 38 

Flash point, ˚c 50 43 

Fi e point,  c 56 50 

Table 2: Comparison of TPO (Tyre pyrolysis oil) with 

Diesel 

III. EXPERIMENTAL SETUP 

A single-cylinder, 4-Stroke, water-cooled diesel engine of 5 

hp rated power is considered for the experimentation. The 

engine is coupled to a rope brake dynamometer through a 

load cell.  The schematic layout of the experimental set up is 

shown in below Fig. 2 

 
Fig. 2: Experimental Setup of Diesel Engine [7] 

A stationary, 5 hp direct injection diesel engine is 

used to conduct experiments. Its specifications are given in 

Table 4.1. Concentrations of CO and UHC are measured 

using Exhaust gas analyzer. Air suction rate and exhaust 

airflow rates are measured with the help of an air velocity 

meter. Temperatures at the inlet and exhaust valves were 

monitored using thermocouples. 

Parameter Details 

Engine 
Single Cylinder High Speed Diesel 

Engine 
Cooling Water cooled 

Bore × Stroke 80 mm × 110 mm 

Compression 

ration 
16 : 1 

Maximum Power 5 hp or 3.7 kw 

Rated speed 1500 rpm 

Capacity 553 CC 

Table 3: Engine Specification 

A. Diesel Engine: 

A stationary, 5 hp direct injection diesel engine was used to 

conduct experiments. In all cases it is necessary to ensure 

that throughout the speed range and engine torque output 

cannot exceed the capacity of dynamometer to with it 

coupled. If this condition does occur, the engine speed will 

increases uncontrollably until a point is reached where the 

falling torque value again comes within the capacity of the 

brake. Under such condition test work would be impossible 

and the engine might be dangerously over speed. 

B. Fuel Tank: 

It is the cubical chamber which is used to mix the ethanol 

and sesame oil. This chamber is connected with two pipes, 

one of them is having ethanol tank and other is having bio-

diesel tank. 

C. Dynamometer: 

A dynamometer is a device for measuring force, moment of 

force (torque), or power. The power produced by an engine, 

motor or other rotating prime mover can be calculated by 

simultaneously measuring torque and rotational speed 

(RPM). Several different types of dynamometer are used in 

engine test work but we are using rope brake dynamometer 

is couple to engine. 

D. Exhaust Gas Analyzer: 

Exhaust Gas Analyzer is used to measure the level of 

pollutants in the exhaust of the car. Exhaust Gas Analyzer is 

also used to tune an engine for optimum mileage. Exhaust 

Gas Analyzer is also applicable to measure the function of 

catalytic converters. Exhaust Gas Analyzer is available with 

an in built 20- Column printer. Exhaust Gas Analyzer is 

used in various governments authorized test centers. 

IV. RESULT AND DISCUSSION 

The performance and emission characteristics of a high 

speed diesel engine at various loads from no load to full load 

fueled with tyre pyrolysis oil blends with diesel are 

discussed below as per the results obtained. 

A. Specific Fuel Consumption with Load: 

In Fig 3 the graph of variation of specific fuel consumption 

with load is shown.From that graph we obtained that with 

variation of  load  specfic fuel consumption is lower in 10% 

TPO blend compare to 20% and 30% TPO blend. 

 
Fig. 3: Variation of Specific Fuel Consumption with Load 

B. Load Vs Mechanical Efficiency: 

In Fig 3 the graph of variation of mechanical efficiency with 

load is shown.From that graph we obtained that with 

variation of  load  mechanical efficiency is higher  in 10% 

TPO blend compare to 20% and 30% TPO blend. 
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Fig. 4: Variation of Mechanical Efficiency with Load 

C. Brake Thermal Efficiency with Load: 

In Fig 3 the graph of variation of brake thermal efficiency 

with load is shown.From that graph we obtained that with 

variation of  load,  brake thermal efficiency is higher  in 

10% TPO blend compare to 20% and 30% TPO blend. 

 
Fig. 5: Variation of Brake Thermal Efficiency with Load 

D. Load vs CO: 

In Fig 3 the graph of variation in emission of  CO  with load 

is shown.From that graph we obtained that with variation of  

load, emission of  CO  is lower in 10% TPO blend compare 

to 20% and 30% TPO blend. 

 
Fig. 6: Variation of CO with Load 

E. Load vs HC: 

In Fig 3 the graph of variation in emission of  HC  with load 

is shown.From that graph we obtained that with variation of  

load, emission of  HC  is lower in 10% TPO blend compare 

to 20% and 30% TPO blend 

 
Fig. 7: Variation of HC with Load 

F. Load vs CO2: 

In Fig 3 the graph of variation in emission of CO2 with load 

is shown.From that graph we obtained that with variation of 

load, emission of CO2 is lower in 10% TPO blend compare 

to 20% and 30% TPO blend. 

 
Fig. 8: Variation of CO2 with Load 

G. Load vs NOX: 

In Fig 3 the graph of variation in emission of  NOX  with 

load is shown.From that graph we obtained that with 

variation of  load, emission of  NOX  is lower in 10% TPO 

blend compare to 20% and 30% TPO blend. 

 
Fig. 9: Variation of NOX with Load 

V. CONCLUSION 

The different percentage of Tyre Pyrolysis Oil Diesel Blend  

in a single cylinder C.I. engine was investigated. This 

experimental result showed that the 10% TPO and 90% 

Diesel (10% TPO Blend) gives better performance and less 
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emission with compare to 20% and 30% TPo blend. So, 

10% TPO blend can be used as an alternative fuel of Diesel  

Fuel. 
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